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Cardiovascular effects of prolonged exercise in trained 
athletes versus sedentary normal subjects. Echocardio- 
graphic studies of endurance athletes demonstrate greater 
left ventricular end-diastolic dimensions and volume than 
are observed in healthy untrained men (1). In contrast, septal 
posterior wall thickness is increased by sports involving 
isometric exertion. Familial factors influence heart size: 
which is proportional to body size and skeletal muscle mass. 
Heart size and exercise capacity are increased by occupa- 
tional physical activity (2). The role of blood volume was 
demonstrated (3) by a 15% reduction in radiographic trans- 
verse diameter of the heart and a 28% decline in systolic 
blood pressure after a marathon; this was associated with 
fluid loss and a 5% loss of body weight. Exercise at 45% to 
86% of aerobic capacity in untrained and unacclimatized 
men during acute heat stress reduced central blood volume, 
stroke volume and cardiac output (4). Blood volume and 
flow were redistributed from core to periphery with cutane- 
ous vasodilation to facilitate heat loss; heart rate accelerated 
as rectal temperature rose to 39.4”C. When healthy men 
were subjected to prolonged exertion (170 ? 10 min) at 69% 
of aerobic capacity preload, ejection fraction, afterload, 
systolic wall stress, ventricular function and systolic blood 
pressure decreased; and greater increments in norepineph- 
rine, epinephrine and free fatty acid levels occurred than 
with 10 min of exercise of the same intensity (5). 
sively increased intensity of upright bicycle exercise. End- 
systolic volume was greater in athletes only at rest. Despite 
individual variation, mean end-diastolic volume and mean 
stroke volume increased slightly with mild to moderate 
exercise and then fell below rest values at peak exercise; 
mean end-systolic volume diminished in both groups when 
heart rate exceeded 170 beats/min. The authors postulated 
the effect of the Frank-Starling mechanism at low to moder- 
ate exertion and enhanced contractility and tachycardia at 
strenuous to maximal exercise in both athletes and sedentary 
subjects. Left ventricular wall thickness and dimensions 
were greater in top ranking volleyball players than in nonath- 
letes, but the ratio of wall thickness to internal radius was 
nearly the same in both groups (6). The greater exercise 
capacity of trained men was attributed to greater left ven- 
tricular systolic reserve and cardiac oxygen consumption as 
well as to altered blood flow distribution and regional aerobic 
metabolism. 
Ginzton et al. (6) reported 37% greater mean end-diastolic 
volume and 20% greater mean stroke volume at rest in highly 
trained young athletes than in sedentary persons. Higher 
values were maintained in athletes at each level of progres- 
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The current study. The report of Fisman et al. (7) in this 
issue of the Journal comparing two-dimensional echocardio- 
graphic measurements at rest and at maximal supine exer- 
cise in 22 professional soccer players and 22 age-matched 
healthy subjects is of special interest. End-diastolic volume 
of the athletes was 46% greater at rest; with exercise, 
average volume increased IO%, but six men showed either 
no increase or a fall. End-systolic volume was 25% greater at 
rest and 70% greater with strenuous exercise, in athletes 
than in untrained men. End-systolic volume did not diminish 
in nine athletes. Ejection fraction at rest was 7% lower, and 
during exercise it was 14% lower, in athletes than in un- 
trained men. Unlike normal subjects, who exhibited the 
expected rise in ejection fraction from a mean of 70% to 86% 
with exercise, in these athletes ejection fraction increased 
from a mean of 65% to 70% and in nine it failed to increase 
as much. In contrast to the symmetric hyperkinetic wall 
motion in the normal subjects, eight athletes did not exhibit 
this response. Mean heart rate increased 2.8 times versus 1.9 
times in untrained men, and systolic pressure increased 44% 
in athletes and 59% in untrained men. Echocardiographic 
evidence of possible hypokinesia or dyskinesia in some 
athletes may be interpreted differently by others. Echocar- 
diographic changes did not correlate with electrocardio- 
graphic changes. 
These observations contrast with an earlier report by 
Fisman et al. (8) on 23 (1.6%) of 1,435 healthy men without 
risk factors or clinical heart disease who manifested exer- 
tional hypotension during either upright or supine exercise. 
Mean ejection fraction diminished from 65% to 63%, with an 
insignificant decrease in end-systolic volume and hypoki- 
netic or unchanged ventricular wall motion in 87% of the 
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atypical men. Does exertional hypotension in these allegedly 
healthy men represent the cause or the effect of ventricular 
dysfunction? 
Pathophysiology. Fisman and associates (8) comment on 
various factors that may contribute to augmented preload 
and the Frank-Starling principle, as well as to possible 
changes in contractility and afterload of the left ventricle. 
What are the limiting factors during strenuous exercise in 
athletes when vigorous skeletal muscle accessory pumping 
action of dynamic exercise augments venous return and 
facilitates diastolic filling of the ventricles? Are changes in 
intrathoracic pressure, pericardial distensibility, markedly 
shortened diastolic filing time with tachycardia, altered atria1 
systolic function or altered ventricular compliance and cor- 
onary perfusion interacting with augmented sympathetic and 
humoral regulation of circulation and redistributed blood 
volume? Further observations are indicated to ascertain 
validity of reported changes and possible emergence of 
cardiomyopathy-whether or not physical conditioning is 
maintained. 
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